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A multistage sWitch includes a matrix of coupled sWitch 
devices. A logical link comprising a plurality of physical links 
couples a destination through the plurality of physical links to 
a plurality of ports in the multistage sWitch. Each sWitch 
device performs trunk aWare forwarding to reduce the for 
Warding of received frames through the matrix of coupled 
sWitch devices to the destination in order to reduce unneces 
sary tra?ic in the multistage sWitch. 
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TRUNKING IN A MATRIX 

RELATED APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. l0/066,550, ?led Jan. 31, 2002. The entire 
teachings of the above application are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] A networking sWitch device receives frames 
through a number of ingress ports connected to the sWitch 
device and forWards the frames through a number of egress 
ports connected to the sWitch device. The sWitch device deter 
mines one or more egress ports through Which the received 
frames are forWarded dependent on the destination address 
included in the frame. 
[0003] A logical link can be con?gured to increase the 
bandWidth to a destination; that is, the number of frames that 
can be forWarded through the sWitch device. A logical link 
includes a plurality of egress ports in the sWitch through 
Which frames can be forWarded to the destination. Con?gur 
ing multiple ports to forWard frames to a destination is called 
link aggregation or trunking. The egress ports in the logical 
link are con?gured as members of the logical link or the trunk 
group. 
[0004] A multistage sWitch includes a plurality of coupled 
sWitch devices. One Well-knoWn method for providing a mul 
tistage sWitch is the 3-stage Clos netWork. The multistage 
sWitch includes external ports for receiving frames from a 
source and forWarding frames to a destination. Each sWitch 
device in the multistage sWitch (or matrix) includes internal 
ports for forWarding frames Within the matrix. 
[0005] Typically, a frame received from a source at one 
external port is forWarded through the sWitch devices in the 
multistage sWitch to another external port dependent on a 
destination address associated With the frame. A sWitch 
device in the matrix forWards a received frame to one of its 
output ports dependent on a destination address included in 
the frame. The destination address may be for a host such as 
a computer, another multistage sWitch or a router. 

SUMMARY OF THE INVENTION 

[0006] To provide redundancy, a logical link can include 
external ports on different sWitch devices in the multistage 
sWitch. The selected member of a trunk group for a frame 
arriving at an external port in the multistage sWitch may be on 
the sWitch device receiving the frame or on another sWitch 
device. 
[0007] Each sWitch device forWards a received frame based 
on local forWarding information stored in a forWarding table 
in the respective sWitch device. When forWarding a frame to 
a trunk group, the frame is forWarded to each sWitch device 
having a member of the trunk group. For example, if members 
of a trunk group can be reached through internal ports 0 and 
1 of the sWitch device, the frame is forWarded through both 
ports. Thus, a frame may be needlessly forWarded throughout 
the matrix of sWitch devices before being forWarded to the 
selected member of the trunk group, resulting in unnecessary 
tra?ic in the matrix. Unnecessary traf?c in the matrix of 
sWitch devices can be reduced by performing matrix trunk 
aWare forWarding in each sWitch device. 
[0008] A logical link including a plurality of physical links, 
i.e. a trunk group, couples a destination to a multistage sWitch. 
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The multistage sWitch includes a plurality of external ports. 
Each physical link is coupled to one of the plurality of exter 
nal ports. The multistage sWitch also includes a matrix of 
coupled sWitch devices. A frame received for the destination 
is forWarded through at least one of the sWitch devices to one 
of the physical links in the logical link. The sWitch device 
Which receives the forWarded frame forWards the frame based 
on the logical link to reduce the number of subsequent sWitch 
devices through Which the frame is forWarded. 
[0009] The sWitch device also includes a trunk table selec 
tor Which selects a trunk table for the logical link to reduce the 
number of ports of the sWitch device through Which to for 
Ward the frame. The trunk table for the logical link may be 
shared by another logical link. 
[0010] The sWitch device may also include How hash logic 
Which indexes a How hash for the received frame dependent 
on a destination address and a source address included in the 
received frame. The sWitch device may also include an echo 
suppression table. The echo suppression table includes an 
entry for each port. The entry is selected dependent on the port 
receiving the frame. The selected entry ensures that the frame 
is not forWarded to any member of the logical link on Which 
it Was received. The echo suppression table includes an entry 
for each external port at Which a frame is received. The 
physical links may be coupled to external ports on different 
sWitch devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the folloW 
ing more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying draWings in 
Which like reference characters refer to the same parts 
throughout the different vieWs. The draWings are not neces 
sarily to scale, emphasis instead being placed upon illustrat 
ing the principles of the invention. 
[0012] FIG. 1 illustrates a multistage sWitch including a 
logical link connecting a destination to the sWitch according 
to the principles of the present invention; 
[0013] FIG. 2 illustrates a logical representation of the 
sWitch devices in any of the roWs shoWn in FIG. 1; 
[0014] FIG. 3 illustrates unnecessary traf?c generated in a 
multistage sWitch Without matrix trunk aWare forWarding; 
[0015] FIGS. 4A-4B illustrate forWarding tables in roWs of 
the multistage sWitch shoWn in FIG. 3; 
[0016] FIG. 5 illustrates matrix trunk aWare forWarding 
according to the principles of the present invention; 
[0017] FIG. 6A-6B illustrate the forWarding tables provid 
ing trunk aWare forWarding in roWs of the multistage sWitch 
devices shoWn in FIG. 5; 
[0018] FIG. 7 illustrates the pruning of a frame in the fan 
in/fan-out device in Which the frame Was received; 
[0019] FIG. 8A illustrates a frame Which may be received at 
any of the external ports in the multistage sWitch shoWn in 
FIG. 1; 
[0020] FIG. 8B illustrates the format of an Ethernet data 
link (L2) header shoWn in FIG. 8A; 
[0021] FIG. 8C illustrates the format of an IP netWork layer 
(L3) header shoWn in FIG. 8A; 
[0022] FIG. 9 illustrates vectors and tables in each of the 
sWitch dcviccs shoWn in FIG. 2 
[0023] FIG. 10A illustrates tWo trunk groups sharing a 
single trunk table, each of the trunk groups having a different 
hash code distribution; 
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[0024] FIG. 10B illustrates the tWo trunk groups shown in 
FIG. 10A With each trunk group having the same hash code 
distribution; and 
[0025] FIG. 11 illustrates an example of local echo suppres 
sion tables for reducing unnecessary traf?c through the 
matrix for received unicast frames. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] A description of preferred embodiments of the 
invention folloWs. 
[0027] FIG. 1 illustrates a logical link or trunk group 134 
connecting a destination 112 to a multistage sWitch 100 
according to the principles of the present invention. The mul 
tistage sWitch 100 includes a matrix of coupled sWitch 
devices 106-1, . . . 106-2n, 108-1, . . . 108-n, 110-1, . . . 110-n, 

114-1, . . . 114-n organiZed in roWs and columns. Each roW 

104-1, . . . 104-n includes ?ve sWitch devices. As shoWn, roW 

104-1 includes tWo fan in/fan out devices 106-1, 106-2, a 
stage-l device 108-1, a stage-2 device 110-1 and a stage-3 
device 114-1. To provide redundancy especially, members of 
trunk group 134 are distributed among the roWs in the multi 
stage sWitch. 
[0028] Each fan in/fan out device 106-1, . . . 106-211 is 

coupled to a plurality of the external sWitch ports 132-0, . . . 
132-1211 in the multistage sWitch. Each external sWitch port 
132 receives and transmits frames. A received frame is for 
Warded by the respective fan-in/fan-out device on one of six 
uplink ports 140 to a stage-l device 108. A frame to be 
transmitted from the multistage sWitch is received by the 
respective fan-in/fan-out device from a stage-3 114 device on 
one of six doWnlink ports 142. 

[0029] A unicast frame received on any one of the external 
ports 132 is forWarded by at least one of the matrix of sWitch 
devices to another external port 132 dependent on the source 
and destination address included in the frame. Echo suppres 
sion is performed in each sWitch device to prevent the unicast 
frame from being transmitted through the external port on 
Which it Was received. A unicast frame received at external 
port 132-0 coupled to fan-in/fan-out device 106-1 is for 
Warded to a destination address coupled to external port 132 
1211 by forWarding the frame through fan-in/fan-out device 
106-1, stage-l device 108-1, one of the plurality of a stage-2 
devices, a stage-3 device 114-11 and fan-in/fan-out device 
106-211 in the multistage sWitch. A unicast frame received at 
port 132-1 for destination 112 is ?rst forWarded through 
fan-in/fan-out device 106-1. The frame is then forWarded to 
stage-l device 108-1. Stage-l sWitch device 108-1 forWards 
the frame based on a How hash dependent on the source and 
destination address included in the frame. The IP destination 
address included in the frame is used to generate an Egress 
Port Vector (EPV) to select one of the stage-2 devices 110-211. 
The selected stage-2 device 110-2n forWards the frame to one 
of the stage-3 devices 114-1 . . . 114.2n dependent on the 

tagged EPV. The selected stage-3 device forWards to one of 
the fan-in/fan-out devices coupled to the destination 112 
dependent on the destination address included in the frame. 

[0030] In the embodiment shoWn, the multistage sWitch 
100 includes n roWs and 1211 ports 132-0, . . . 132-12n. Each 

roW has tWo fan-in/fan-out devices and each fan-in/fan-out 
device includes six ports. Ports 132-1, 132-3, 132-5, 132-12, 
132-(12n-11), 132-(12n-10) are members oftrunk group 134. 
A frame received for destination 112 from source 10211 at port 
132-9 or received from source 1021) at port 132-(12n-1) can 

May 29, 2008 

be forWarded to destination 112 through any one of the exter 
nal ports 132 Which are members of trunk group 134. 
[0031] An external port in trunk group 134 is selected for 
forWarding a received frame dependent on the data How; that 
is, the source address and destination address included in the 
received frame. By selecting a member of the trunk group 134 
dependent on a source address and destination address, 
frames for the same data How are alWays forWarded through 
the same external port and thus are not mis-ordered through 
the multistage sWitch 100. 
[0032] For example, a frame received by the multistage 
sWitch from source 10211 at port 132-9 for destination 112 
includes the source address for source 102a and the destina 
tion address for destination 112. The multistage sWitch 100 
determines the data How from the source address for source 
102a and destination address for 112 stored in the frame. One 
of the members of trunk group 134 is selected dependent on 
the data How. 
[0033] The forWarding of the frame through the sWitch 
devices in the multistage sWitch 100 creates tra?ic in the 
matrix of sWitch devices. This tra?ic is necessary for forWard 
ing a frame received on an external port on one sWitch device 
to an external port on another sWitch device. HoWever, if the 
selected member of a trunk group 134 is coupled to fan-in/ 
fan-out devices in the same roW 104-1 as the external port 
receiving the frame, forWarding the frame through all of the 
stages of the multistage sWitch is not necessary. Thus, each 
sWitch device needs to perform trunk aWare forWarding to 
reduce the number of frames forWarded through the matrix of 
sWitch devices. 
[0034] A frame received by a fan-in/fan-out device 106 is 
forWarded to the respective stage-l device 108 coupled to the 
fan-in/fan-out device. Upon receiving the forWarded frame, 
the respective stage-l device forWards the received frame 
dependent on the destination address included in the for 
Warded frame. The stage-l device generates an Egress Port 
Vector (EPV) dependent on the included destination address 
and forWards the EPV in a sWitch matrix tag included With the 
frame to a stage-2 device. 
[0035] Each stage-2 device 110 forWards the received 
frame to a stage-3 device 114 dependent on the EPV included 
in the sWitch matrix tag forWarded by the stage-l device 108. 
Each stage-3 device 114 forWards the frame based on an 
address lookup dependent on the destination address. Each 
stage-3 device also performs echo suppression dependent on 
the external port through Which the frame Was received using 
the number of the multistage sWitch source port included in 
the sWitch matrix tag forWarded With the frame. By perform 
ing echo suppression, the forWarded frame is dropped if the 
frame is received on a member of the logical link coupling the 
destination in the multistage sWitch. 
[0036] The stage-2 devices 110 do not participate in the 
forWarding decision for the frame through the multistage 
sWitch 100 because they merely forWard dependent on the 
EPV forWarded from the stage-l devices 108. Hence, the 
operation of the stage-2 devices 110 can be ignored When 
describing the forWarding of frames through the matrix of 
sWitch devices. 
[0037] FIG. 2 illustrates a logical representation of the 
sWitch devices in roW 104-1 shoWn in FIG. 1. To simplify the 
description of the operation of the multistage sWitch 100, the 
number of ports in each sWitch device is reduced. 
[0038] Fan-in/fan-out sWitch devices 106-1, 106-2 shoWn 
in FIG. 1 are represented as respective logical fan-in/fan-out 
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switch devices 200-1, 200-2. The six external ports in fan-in/ 
fan-out switch devices 106-1, 106-2 are reduced to three 
external switch ports labeled 0, 1 and 2 in logical fan-in/fan 
out switch devices 200-1, 200-2. The six internal output ports 
in fan in/fan out switch devices 106-1 and 106-2 are reduced 
to a single uplink port labeled U and the six internal input 
ports are reduced to a single downlink port labeled D. 

[0039] The stage-l device 108-1 and the stage-2 device 
110-1 have been combined to provide ingress device 202-1 
because, as discussed already, the stage-2 device 110-1 does 
not participate in the forwarding decision. The ingress device 
202-1 has two uplink ports labeled U0 and U1 and three 
internal output ports labeled 0, 1 and 2. The internal output 
ports are coupled to internal input ports in an egress device 
204-1 corresponding to the stage-3 device 114-1 of FIG. 1. 

[0040] The internal output ports on the egress device 204-1 
are reduced to two downlink ports labeled DO and D1. The 
downlink ports are coupled to respective downlink ports on 
the logical fan-in/fan-out devices 200-1, 200-2. The internal 
input ports on the egress device 204-1 are reduced to three 
internal input ports. 
[0041] FIG. 3 illustrates unnecessary tra?ic in a multistage 
switch 100 without trunk aware forwarding. Multistage 
switch 100 has eighteen external ports (Ports 0-17). Each 
respective row 104-1, . . . 104-3 of switch devices includes six 

external ports coupled to logical fan-in/fan-out devices. Row 
104-1 includes logical fan-in/fan-out devices 200-1, 200-2, 
an ingress device 202-1 and an egress device 204-1. Uplink 
port U of logical fan-in/fan-out device 200-1 is coupled 
through connection 300-1 to uplink port U0 on ingress device 
202-1. Downlink port D of logical fan-in/fan-out device 
200-1 is coupled through connector 300-4 to downlink port 
D0 on egress device 204-1. The internal output ports (0, 1, 2) 
on ingress device 202-1 are coupled to respective internal 
input ports on egress device 204-1 in a ?rst row 104-1, on 
egress device 204-2 in a second row 104-2 and on egress 
device 204-3 in a third row 104-3. 

[0042] A trunk group T1 in the multistage switch 100 is 
con?gured to include external port 0, port 2, port 4, port 12, 
port 16 and port 17. The trunk group T1 de?nes multiple 
physical paths to a destination (not shown) through external 
ports which are members of trunk group T1. The destination 
can be another multistage switch. Frames received by the 
multistage switch for the destination can be forwarded 
through any of the members of trunk group T1. The member 
of the trunk group through which to forward a received frame 
can be selected dependent on a computed hash of a source and 
destination address included in the header of the received 
frame so that frames for the same data ?ow are forwarded 
through the same external port. 

[0043] Each member of trunk group T1 is assigned a matrix 
assigned hash code or set of hash codes. Each switch device in 
the multistage switch 300 creates a computed hash code for a 
received frame dependent on the source and destination 
address included in a frame. A switch device receiving the 
frame forwards the frame towards the trunk member whose 
matrix assigned hash code matches this computed hash code. 
Trunk group T1 has six members. Each member of trunk 
group T1 has an associated matrix assigned hash code. 

[0044] As shown in FIG. 3, the matrix assigned hash codes 
are assigned to the members of trunk group T1 as follows: 
hash code 0 to external port 0, hash code 1 to external port 2, 
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hash code 2 to external port 4 hash code 3 to external port 12, 
hash code 4 to external port 16 and hash code 5 to external 
port 17. 

[0045] A frame received on an external port which is not a 
member of trunk group T1 is forwarded through the multi 
stage switch 100 based on the destination address included in 
the received data frame. For example, a frame received on 
external port 1 for external port 15, is forwarded through the 
matrix of switch devices as follows: logical fan-in/fan-out 
device 200-1 forwards to ingress device 202-1; ingress device 
202-1 forwards to egress device 204-3 and egress device 
204-3 forwards to logical fan-in/fan-out device 200-6. The 
frame is forwarded by each switch device dependent on a 
forward vector computed locally by each switch device. 
[0046] A frame received at external port 1 for trunk group 
T1 can be forwarded through any member of the trunk group. 
For example, the frame can be forwarded through external 
port 0 or external port 2 in logical fan-in/fan-out device 200-1. 

[0047] The forward vector for a received frame is deter 
mined in each switch device by combining a plurality of 
vectors. The forward vector selects the ports in the switch 
device through which the frame is forwarded. A physical 
forward vector selects all the ports through which a received 
frame can be forwarded. An echo suppression vector reduces 
the number of available ports by ensuring that a frame is not 
forwarded through the port at which it was received. A trunk 
member vector selects one of the available ports so that 
frames for the same data ?ow (same destination and source 
address) are forwarded through the same trunk member. 

[0048] In the example shown in FIG. 3, the frame is for 
warded to trunk T1 through trunk member 5 on connection 
302-3; that is, external port 17 of logical fan-in/ fan-out device 
200-6. However, extra frames are also needlessly sent to 
egress device 204-1, logical fan-in/fan-out device 200-2, and 
logical fan-in/fan-out device 200-5 because a local forward 
ing decision is made for the frame in each switch device in the 
multistage switch 300 and every received frame is forwarded 
to the next stage. The forwarding decision for forwarding a 
received frame in each switch device is described in more 
detail in conjunction with FIGS. 4A and 4B. 

[0049] FIG. 4A is a block diagram of row 104-1 in the 
multi-stage switch shown in FIG. 3 illustrating forwarding 
tables stored in each of the switch devices. The forwarding 
decision for a received frame in each switch device is depen 
dent on the vectors from the entries selected in three forward 
ing tables as explained above; an echo suppression table 
(EST), a physical forward vector table and a trunk member 
vector table. Looking at fan-in/fan-out device 200-1, external 
Ports 0, 1, 2 are bidirectional, and internal ports U and D are 
unidirectional. Echo suppression table 400 stored in logical 
fan-in/fan-out device 200-1 includes an entry for each respec 
tive input port; that is, 0, 1, 2, and downlink port D. Each echo 
suppression table entry includes a bit for each output port; that 
is 0, 1, 2, and uplink port U. A bit is set ‘1’ in the echo 
suppression table entry to indicate that the frame can be 
forwarded through the respective output port. For example, 
referring to the entry for input port 1, all bits are ‘ l ’ except for 
port 1, to indicate that a frame received on port 1 cannot be 
forwarded on port 1, that is, the input port at which the frame 
was received. Referring to the entry for port 0, all bits are ‘ l ’ 
except ports 0 and 2 because both ports 0 and 2 are members 
of trunk group T1. Thus, each entry in the echo suppression 
table performs echo suppression by ensuring that a frame 
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received by a member of trunk group T1 cannot be forwarded 
through any other member of trunk group T1. 
[0050] The physical forWard vector (PFV) table 402 in 
logical fan-in/fan-out device 200-1 includes a PFV for the 
destination address associated With trunk group T1. The PFV 
has a bit for each output port; that is, 0, 1, 2, and U in the 
logical fan-in/fan-out device. A bit set to ‘1’ in the PFV 
indicates that the frame can be forWarded through the respec 
tive port. Bits for port 0, 2 and U are ‘1’ because there are 
members of the trunk group on ports 0, 2 and on other sWitch 
devices Which can be reached through the U port. 
[0051] The trunk table 404 in logical fan-in/fan-out device 
200-1 includes an entry for each hash value. In trunk 1 there 
are six members and thus six hash values. One trunk table is 
used to forWard all frames received by the logical fan-in/fan 
out device. Each entry in the trunk table 404 includes a bit for 
each output port in the fan-in/fan-out device. A bit is set to ‘1’ 
to indicate that the frame can be forWarded through the 
respective output port. The entry for hash value:0 indicates 
that the frame can be forWarded through port 0, 1 and U. The 
entry for hash value:5 indicates that the frame can be for 
Warded through port 1 and U. 
[0052] The echo suppression table includes an entry for 
each input port. For example, echo suppression table 400 in 
logical fan-in/fan-out device 200-1 has an entry for input 
ports 0, 1, 2, and D. Each echo suppression table entry has a 
bit for each output port in the sWitch device. For example, 
each echo suppression table entry in echo suppression table 
400 in logical fan-in/fan-out device 200-1 has a bit for output 
ports 0, 1, 2, and U. A bit is set to ‘1’ ifa received frame can 
be forWarded through the port. A bit is set to ‘0’ to echo 
suppress the frame. 
[0053] Port 0 and Port 2 are members of trunk group 0. 
Thus, a frame received on port 0 cannot be forWarded through 
port 0 orport 2. Similarly, a frame received at port 2 cannot be 
forWarded through port 2 or port 1. Referring to echo sup 
pression entries in echo suppression table 400, bits for port 0 
and port 2 are set to ‘1’ in the entries for port 0 and port 2 to 
echo suppress frames received on members of trunk group 1. 
HoWever, frames received by port 1 can be forWarded to any 
port other than port 1 because only the bit for port 1 is set to 
‘0’. 
[0054] All frames received through ports 0, 1 and 2 Which 
are not echo suppressed are forWarded through the U port. 
Thus, even if the selected hash value for the frame is ‘0’ and 
the frame for trunk group 1 is forWarded through port ‘0’ in 
logical fan-in/fan-out device 200-1, Which is a member of 
trunk group 1, the frame is still forWarded needlessly through 
the U port because the U-bit in each entry in the hash table is 
set to ‘1’. 

[0055] The forWard vector for a frame received on port 1 in 
logical fan-in/fan-out device 200-1 With a hash value of 5 is 
computed by combining the entry for input port 1 set to 
‘1011’ selected in Local EST 400, the selected PFV set to 
‘ 101 1’ in the PFV table 402 and the entry for hash value 5 set 
to ‘0101’ in trunk table 404. A logical ‘AND’ of ‘1011’ from 
local EST 400, ‘1011’ from the PFV table 402 and ‘0101’ 
from the hash table 404 results in a forWard vector set to 
‘0001’ and the frame is forWarded through the U port on 
connection 300-1 to ingress device 202-1. 
[0056] lngress device 202-1 has input ports labeled U0, U1 
and output ports labeled 0, 1, 2. Matrix echo suppression table 
(“EST”) 406 has an entry for each external port (labeled 0-17) 
in the multistage sWitch 300. Each echo suppression table 

May 29, 2008 

entry has a bit for each of the ingress device’s output ports. 
The entry for port 1 is selected because the frame Was 
received on port 1. PFV Table 408 has a bit for each output 
port, a bit set to ‘1’ indicates that the frame can be forWarded 
through the respective output port. The selected PFV in the 
PFV table 408 indicates that a received frame for trunk group 
T1 can be forWarded through output port 0 or port 2 because 
members of trunk group T1 can be reached through output 
port 0 or port 2. Trunk table 410 has an entry for each hash 
value. Each entry in trunk table 410 includes a bit for each 
output port 0, 1, 2. The bit is set to indicate that the frame can 
be forWarded through the respective output port 0, 1, 2. The 
received frame for trunk group T1 is forWarded through ports 
0 and 2 based on a forWard vector of ‘101’ computed by 
combining selected matrix EST vector ‘1 1 1’ With PFV ‘ 101 ’ 
and trunk member vector ‘111’ using a logical ‘AND’ func 
tion. 

[0057] Egress device 204-1 has three input ports labeled 0, 
1, 2 and tWo output ports labeled D0 and D1. Trunk table 416 
has an entry for each hash value and each entry has a respec 
tive bit for each internal output port in the egress device 
204-1. A bit is set to ‘1’ if the frame can be forWarded on the 
respective port. PFV Table 414 has a bit for each output port, 
the state of the bit indicates Whether the frame can be for 
Warded through the respective output port. Matrix echo sup 
pression table 412 has an entry per external port (0-17) With 
each entry having a bit for each output port, the state of each 
bit indicating Whether the frame can be forWarded through the 
respective port. 
[0058] ANDing the echo suppression entry for external 
port 1 set to ‘01’ With PFV 414 set to ‘11’ and the entry for 
hash value:5 in trunk table 416 set to ‘ 1 1 ’ results in a forWard 
vector of ‘01’ and the frame is forWarded on D1 to logical 
fan-in/fan-out device 200-2. 

[0059] Matrix EST 418 in logical fan-in/fan-out device 
200-2 has an entry for each external port (0-17) in the multi 
stage sWitch 300. Each matrix EST entry has a bit for each 
output port 0, 1, 2, U. The bits are set so that a frame is not 
forWarded through the port at Which it Was received. The PFV 
entry in PFV table 420 in logical fan-in/fan-out device 200-2 
has a bit for each output port, the state of each bit indicating 
Whether the frame can be forWarded to the destination 
through the respective output port. Trunk table 422 in logical 
fan-in/fan-out device 200-2 has an entry for each hash value, 
each entry having a bit per output port in the fan-in/fan-out 
device 200-2. ANDing the selected entries in each table for a 
frame received on external port 1 results in forWard vector 
‘0000’ and the forWard frame is dropped; that is, the frame 
Was not forWarded to any output ports. Thus, the frame Was 
needlessly forWarded through egress device 204-1 to logical 
fan-in/fan-out device 200-2. The frame is also forWarded 
through internal outport port 2 in ingress device 202-1 to roW 
104-3. 

[0060] FIG. 4B is a block diagram of roW 104-3 in the 
multi-stage sWitch 300 shoWn in FIG. 3. Egress device 204-3 
receives the forWarded frame on input port 0 and determines 
Where to forWard the frame dependent on selected entries in 
tables 424, 426, 428. The entry for external port 1, the external 
port at Which the frame Was received is selected in Matrix 
EST 424. Each Matrix EST entry has a bit for each output port 
in ingress device 204-3. Output port D0 is coupled to logical 
fan-in/fan-out device 200-5 and output port D1 is coupled to 
logical fan-in/fan-out device 200-6. Logical fan-in/fan-out 
devices 200-5, 200-6 both include members of trunk group 
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T1. Thus, bits for D0 and D1 in the Matrix EST are set to ‘1’ 
to indicate the received frame can be forwarded. Also, bits 
from D0 and D1 are set to ‘ 1 ’ in the selected PFV in PFV table 
426 and in the selected trunk table entry in trunk table 428. 
Thus, the forward vector is ‘1 1’ and the frame is forwarded to 
logical fan-in/fan-out device 200-5 on path 302-6 and to 
logical fan-in/fan-out device 200-6 on path 302-3. 
[0061] In logical fan-in/fan-out device 200-5, the for 
warded frame is dropped because the trunk table entry for 
hash value 5 in trunk table 440 disables forwarding through 
external port 12 (port 0 in logical fan-in/fan-out device 200-5) 
even though the matrix EST entry for external port 1 in matrix 
EST 436 and the PFV in PFV table 438 for the destination 
address enables forwarding through logical fan-in/fan-out 
device port 0. 
[0062] In logical fan-in/fan-out device 200-6, the frame is 
forwarded through fan-in/fan-out device port 2 (labeled 
external port 17) because the matrix EST entry for external 
port 1 in the matrix EST table 430, the trunk table entry for 
hash value 5 in trunk table 434 and PFV in the PFV table 432 
all allow forwarding through fan-in/fan-out device port 2. As 
shown in FIG. 4B, the frame was needlessly forwarded 
through logical fan-in/fan-out device 200-5. 
[0063] FIG. 5 is a block diagram of the multistage switch 
shown in FIG. 3 illustrating trunk aware forwarding accord 
ing to the principles of the present invention. A frame received 
on external port 1 is forwarded on the dashed path to ingress 
device 202-1, egress device 204-3 and logical fan-in/fan-out 
device 200-6, but is not forwarded on the dotted path to egress 
device 204-1 logical fan-in/fan-out device 200-2 and logical 
fan-in/fan-out device 200-5. Each switch device having infor 
mation for a member of the trunk group T1 performs trunk 
aware forwarding to reduce the number of ports through 
which a frame is forwarded, resulting in reducing internal 
data traf?c in the multistage switch 300. 
[0064] FIG. 6A is a block diagram including switch devices 
in row 104-1 in FIG. 5 showing tables providing trunk aware 
forwarding included in the switch devices. As shown, switch 
devices 200-1, 202-1 include a trunk table for trunk group T1. 
Each entry in PFV table 602 in logical fan-in/fan-out device 
200-1 has a table select ?eld. The table select ?eld selects a 
trunk table dependent on the respective destination address in 
a received frame. If the destination address is a trunk, the 
trunk table for the trunk is selected by the trunk table select 
?eld. If the destination address is not a trunk, the default trunk 
table is selected. The default trunk table is the trunk table that 
was described in conjunction with FIGS. 4A-4B. Logical 
fan-in/fan-out device 200-1 includes a trunk table 606 for 
trunk group T1 because external ports 0 and 2 are members of 
trunk T1. 
[0065] A frame received on external port 1 for trunk T1 
selects a PFV entry in the PFV table 602 for the trunk’s 
destination address. The Table Select (TS) ?eld 608 in the 
PFV entry set to ‘1 ’ to select trunk table 606. The trunk table 
entries for hash value 0 and hash value 1 in trunk table 606 
differ from the entries in default trunk table 610 so that frames 
forwarded to the trunk on external port 0 and external port 1 
are not unnecessarily forwarded on uplink port U through 
connection 300-1 to ingress device 202-1. 
[0066] As shown, in trunk table 606 the U bit is set to ‘0’ in 
the trunk table entries for hash value:0 and hash value:1, to 
disable the forwarding of frames on the U port to ingress 
device 202-1. By providing selectable trunk tables and a table 
select ?eld 608, in the PFV entry, frames for members having 
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a hash value:0 or a hash value:1 of trunk group T1 received 
by logical fan-in/fan-out device 200-1 can be pruned in logi 
cal fan-in/fan-out device 200-1. 

[0067] Frames that are not destined to trunk T1 members 
(hash:0, hash:1) logical fan-in/fan-out device 200-1 are for 
warded through the U port on path 300-1 to ingress device 
202-1. In ingress switch device 202-1 table select 616 in the 
selected PFV entry selects trunk table 614 for trunk group T1. 
The trunk table entry for hash value:5 forwards of the frame 
only through output port 2. Thus the frame is pruned in 
ingress switch device 202-1 by not forwarding the frame 
through port 0. Ingress switch device 202-1 receives frames 
on internal input port U0 from logical fan-in/fan-out device 
200-1 and on internal input UI from logical fan-in/fan-out 
device 200-2. Frames are only forwarded on output port 0 
when the hash value is 2 and on output port 2 when the hash 
value is 3, 4 and 5. Thus, frames with hash values 0, and 1 
received at logical fan-in/fan-out device 200-1 are pruned at 
logical fan-in/fan-out device 200-1. Also frames received on 
external ports 3 and 5 for a member of trunk group T1 by 
logical fan-in/fan-out device 200-2 with hash values 0 and 2 
are pruned at ingress device 202-1 so that the frames are only 
forwarded to external ports 0 or 2 through logical fan-in/fan 
out device 200-1. Frames received by ingress device 202-1 
with hash value 2 is forwarded through output port 0 to egress 
device 204-1. Frames received with hash values 3, 4, and 5 are 
forwarded through output port 2 to row 104-3. 
[0068] FIG. 6B is a block diagram ofrow 104-3 shown in 
FIG. 5 showing tables providing trunk aware forwarding 
included in the switch devices. Egress device 204-3 includes 
trunk tables 618 and 620. Trunk table 618 is selected by Table 
Select 624 for all frames received for trunk group T1. Frames 
for hash values 0, 1 or 2 for trunk group T1 are not received 
because they are pruned by switch devices in row 104-1 as 
described in conjunction with FIG. 6A. Thus, neither of the 
outputs D0 and D1 is selected in trunk table 618 for hash 0, 1, 
and 2. Frames received for hash value 3 are forwarded to 
output port D1 because the bit for D1 is set ‘1’. Frames 
received for hash values 4 and 5 are forwarded to logical 
fan-in/fan-out device 200-6. Thus, frames for trunk group T1 
are only forwarded to logical fan-in/fan-out device 200-5 if 
the hash value is 3. Frames with hash values 4 and 5 are 
pruned by not being forwarded to logical fan-in/fan-out 
device 200-5 on path 302-6. 

[0069] Frames for trunk group T1 with hash values 4 and 5 
are received by fan-in/fan-out device 200-6 on input port D. 
Trunk table 626 for trunk group T1 is selected by table select 
628 when fan-in/fan-out device 200-6 receives a frame for 
trunk group T1. Frames for hash values 4 and 5 are not 
forwarded to the uplink port to ingress device 202-3. Frames 
for hash value 5 are forwarded through fan-in/fan-out device 
port 2 (labeled external port 17) and frames for hash value 4 
are forwarded through fan-in/fan-out device port 1 (labeled 
external port 16). Thus, trunk aware forwarding allows tra?ic 
for a trunk group to be pruned in each multistage switch 
device by providing a trunk table for the trunk in each switch 
device having a member of the trunk and storing a table select 
with the PFV. 

[0070] FIG. 7 illustrates trunk aware forwarding which 
prunes a frame in the fan-in/fan-out device at which the frame 
was received. Trunk group T1 has two members on fan-in/ 
fan-out device 200-1; that is, port 0 and port 2. The frame is 
received at port 1 of fan-in/fan-out device 200-1 and is des 
tined to trunk group T1. The echo suppression vector selected 










